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Weather Related Accidents 



Flight Operations 
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Basics of Wetting 
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Super-Hydrophobic Surfaces - Deficiencies 



Ice Electrolysis 


Pstessstes - Qartmautfi 
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H 2 0-*H2 + 02 

•Reduces the ice adhesion by 
10 times at 21 V @ 30 s. 

•AC more efficient than DC 
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Innovation 

Multi-Functional Coating 


Super H^nplaliie Sautfeee * Bsefinofysis FmsSm ■ 
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Piezoelectric Fibers 



•Self Powered - Piezoelectric 
•Drive Electrolysis - ZnO/Water 
Hong et al - U of Wisconsin 3/2010 
•Super Hydrophobic - ZnO 
• Icing - ZnO - Delayed Freezing 
-90 mm @5 °C 
Meet at - Befng Nat Lab 7/2011 
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ZnO Coating 

Technical Approach 




2 imdin 

m-Waters 

4*^ 

(CH 2 ) 6 N 4 + 6H 2 0< — *6CH 2 0 + 4NH 3 
NHj + H 2 0 < — > NH 4 + + OH- 
20H- + Zn +2 ►ZnO(s) + H 2 0 


Tasks for Phase I: 

•Procassing/charadwization of ZnO nanottws - completed 
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ZnO Coating 
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Carbon Nanotubes 


CTST GasasTTg 143L2* 

Meta! Coated Substrate CNT Coating 



Metal Catalysis act as nuclei for ZnO Growth 



Mechanical Robustness 



•Mechanical robustness - poor 
•Film fails upon touching 
•Films required gentle handling 
and washing 

•Film porosity is needed for 
super hydrophobic structure 


NASA Aeronautics Mission Directorate FY11 Seedling Phase I Technical Seminar 


June 5-7, 2012 NASA Aeronautics Mission Directorate FY11 Seedling Phase I Technical Seminar 


20 


Phase II 


Super Hydrophobic Swrfeoe * Function > Coating 

F*nvarafc 2 nmst&iaroisms to mfctgjate 

Improve mechanical properties — *■ Carbon Nanotube/PEDOT:PSS composite 
Poly(3,4-ethylenedioxythiophene) - poly(styrenesulfonate) 

Printed Electrodes 


Super Hpdrapliafaic 
Electrode Pattern 
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Goals 

•Structure Beads Water 
•Structure Sheds Water 
•Reduce Power Consumption 
•Electrolysis of Ice/Water 
•Mechanically Robust 
HEasf to Fafcmcste 




Summary 


-Proposed can cep* fcr mMlmdkmat paring sail wafid 
•Completed phase 1 tasks 
•Successively Grown ZnO nano-rods 
•Successively Characterized Wetting Behavior - 147° 
•Environmental Chamber - -30°C/Humidity/WCA 
•ZnO nano-rods exhibit poor mechanical properties 
•Phase II re-focused on mechanical robustness of coating 
•Technology - TRL 1 to TRL 2 
•Information Dissemination - Conference Publication 


June 5-7, 2012 NASA Aeronautics Mission Directorate FYll Seedling Phase I Technical Seminar 


22 


4 


